The recent development of internal combustion engines (ICE) goes towards the meeting of increasingly stringent requirements imposed to reduce toxic exhaust emissions and fuel consumption and thus to strive for carbon diox-ide abatement and against depletion of global natural resources. The research on engines fueled by waterhydrocarbons emulsions has already a long tradition. So far, tests were based on emulsions obtained in chemical reactions. In this paper, similar analysis results have been presented, but the waterfuel emulsions used for the tests were obtained with making use of the cavitation effect. For this reason a unique cavitator was developed, which was then used to produce water-hydrocarbons emulsions of common, mineral and synthetic diesel fuel. Both of these fuels as well as their water emulsions with 20% water content by volume, were used for tests. The ESC (European Stationary Cycle) test conditions were determined and the engine was tested on engine dyna-mometer in accordance with the predetermined ESC test conditions. During the tests, under close scrutiny, en-gine emission and fuel consumption levels were measured . The tests it be more time repeat (with every liquid to engine fueling was 34 times) to achieve the statistical assessment of the results. By the use of emulsions was found to result in a significant reduction in the consumption of diesel fuels . This result is statistically signifi-cant.
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Wstęp
The work was undertaken to evaluate the fuel consumption of an internal combustion engine (ICE) powered with emulsions of hydrocarbon fuels and water. The work described here was done as a preliminary study, which was also aimed at verifying whether this direction of work may be considered promising.
Nowadays we hope that with this solution we will reduce one part of CO2 emissions and eliminate the so-called low emissions especially in large cities.
Today's situation is not satisfactory. Road transport in the European Union (EU) generates about one-fifth of total carbon dioxide emissions and the progress in reducing of this emissions are little [13] . Figure 1 shows that in 2001 the average CO2 emission from the vehicle (in the test on the chas-sis dynamometer) was 170 g/km (with standard deviation about 20 g/km). In 2015, it was only 116 g/km (with a standard deviation of 10 g/km). Significant progress seems to have been achieved. However, the result from natural exploitation differs from the test results. In 2001 it was 7% (with a standard deviation of 2%). In 2015, the difference between the results from operation and the test is, on average, 43% (with a standard deviation of 5%). Thus, the average CO2 emission in vehicle operation in 2001 was 182 g/km, while in 2015 it was 166 g/km. The actual reduction in operational CO2 emission (from 2001 to 2015) is 8.8 %. This is not a result that corresponds to the social needs and the amounts incurred to obtain it. And emissions increase every year. Therefore, vehicle manufacturers are required to achieve mandatory emission targets for new vehicles. By 2050, a 60% reduction in emissions of carbon dioxide in the transport sector in the EU is being promoted and one from more ways is the using of new fuels especially with hydrogen content also in form as the hydrogen is in water. From this reason are important to know if that is possible with water-hydrocarbons fuel mixture [4, 5, 10, 14] .
Water-in-diesel fuel emulsions may be obtained chemically, by adding detergents [1, 2. 3, 6, 7, 9, 11, 12] or in result of physical processes, e.g. with making use of the cavitation effect [10] -for example.
In the work presented here, water-hydrocarbon's emulsions were obtained by employing the latter [10] method.
Two diesel fuel types were used for the tests: -mineral diesel fuel (DF) and -synthetic diesel oil (GTL).
Moreover, water emulsions (20% v/v) of these fuels, i.e. water emulsions of mineral and syn-thetic diesel oils (DF20H2O and GTL20H2O respectively), were also used.
The emulsions were produced with the use of a prototype cavitator -device of special design.
The emulsion-making system included two tanks. The tanks were filled with the liquids neces-sary for making the emulsion, i.e. diesel oil and water. A pump provided in the system forced the liquids from the system tanks via a gravitational column to an cavitator, from where the liquids returned to the tanks in a closed cycle.
However the cavitation is a relatively complex phenomenon caused by a drop in the pressure of the fluid, the both liquids (fuel and water) were perfectly mixed together.
The emulsions produced were homogenous; however, they underwent emulsion breaking with time. For the mineral and synthetic diesel oil, the emulsion breaking took place after about ten minutes and after about seven minutes, respectively. For this reason the physical-chemical proper-ties of the emulsions produced were not examined, but most likely they were not in conformity with the standard specifications applicable to diesel fuel. Diesel fuels; (DF and GTL) and hydrocarbons -water emulsions of both fuels obtained by cavi-tation are used for the fueling of diesel engines in tests.
The tests were to be carried out with following the ESC test procedure [9, 14] . The ESC test was introduced simultaneously with the ETC (European Tran-sient Cycle) and ELR (European Load Response) test procedures. It is used for the evaluation of exhaust emissions of CI engines. In Europe, it has been used since 2000 (Directive 1999/96/EC of 13 December 1999). It consists of 13 modes and has superseded a 13 mode test R 49.
The test is run at selected engine crankshaft speeds and loads. Four crankshaft speed values are set, with one of them being the idle engine speed and the other being selected in a special way; test loads are applied to the engine at the said preselected engine speeds. Actually, the test is carried out in the conditions of engine lowidle speed and three load response characteristics. Before the test is begun, specific reference points should be located on the maximum engine power curve vs. crankshaft speed. The location of these points has been depicted in Fig 2 . At each of the above crankshaft speeds, measurements are carried out for four engine loads corresponding to 25%, 50%, 75% and 100% of the engine power output at the specific speed, which has been mapped in Fig. 3 as points representing individual ESC test modes in the per cent engine load / per cent engine speed coordinate system. Apart from the 13 ESC test modes where the engine loads were as previously specified, the test included a mode where the engine was run with its idle speed (at, approximately, zero engine load).
In consideration of the fact that actually the intensity of engine operation is not uniform all over the whole engine load and speed range, weighting factors have been introduced for this no uniformity to be taken into account at determining the exhaust emission values.
The ESC test parameters have been presented in Table 1 .
Tab. 1. ESC test parameters and mode number
Phase nr
The relative engine load 
Results of bench testing of an engine fueled with the liquids under tests
The tests were carried out on a compression-ignition engine MF PERKINS AD3.152UR with a conventional fuel feed system, (designed for being fed with mineral diesel oil).
During the tests, standard engine settings were maintained.
The tests in the ESC test conditions were carried out on an engine test bed provided with a FROUDE DPX 4 water brake dynamometer. At first, however, the ESC test conditions had to be determined. Obviously, differences in engine performance, especially in the maximum power and torque vs. speed curves, were expected to result from feeding the test engine with the fuels under tests and with their emulsions. Therefore, the maximum engine performance curves were determined at the first stage of the tests. Based on this, a substitute maximum performance curve was plotted as the lower envelope of all the performance curves determined for the engines fed with the fuels under tests and with their emulsions. Such an assumption was made because of the necessity that the engine under tests should be subjected to identical load conditions represented by the same point on the engine performance curve regardless of the liquid used for engine fueling purposes ("fueling liquid"). The term "fueling liquid" is used here instead of "fuel" because the emulsions do not meet all the requirements of fuel standard specifications, especially the EN 590 standard.
The results obtained have been illustrated in Fig. 4 . As it can be seen in the graph, the curve of maximum torque vs. speed is to register for the engine fed with a water emulsion with synthetically diesel fuel (GTL20H2O). Feeding with a conven-tional diesel fuel (DF) lead to minimum of max performance of engine and this case was chosen as the substitute maximum performance curve because by all liquids those parameters are to achieve.
Based on this curve, the ESC test parameters were determined and maintained at the tests subsequently carried out.
Such test procedure was repeated of 34 times for every liquids. This was especially important to know for the statistical repeatability of measured and calculated results. This, in turn, was im-portant to correctly assess the possible differences in the engine's liquid consumption.
With the achieved data was the standard statistics carry out. Results of this work is have been summarized in table 3.
If will be take in consideration first of all the liquid consumption, then the lowest consumption are registered by fueling the engine with the synthetically GTL fuel. Changing the fuel from stand-ard diesel oil to the GTL give a lowering the fuel consumption about 5%. In opposite to them, fuel-ing the engine with water hydrocarbons emulsion gave the growing of liquids consumption. But the liquids is a mixture with only 80 % of hydrocarbons. In this case interesting is that consumption of hydrocarbons are reduced by fueling with diesel oil mixture about 7% and by GTL mixture more than 14%. The results are very encouraging for further research and for putting them into operation, in particular in stationary engines. The question is if that are to achieve not only in laboratory test (but in real engine), especially that, as shown in Figure 5 , the variances in powering the engine with emulsions are significantly greater than when supplied with diesel oil.
Tab. 3. Results of the experiments carried out in accordance with
The results are better visible on the graph below.
Fig. 5. Results of statistical assessment of liquid consumption data in the ESC test
To answer this question are no other way as a statistical research. Doe this reason are good to know if the differences in liquids consumption are statistically to be confirmed, therefore, whether it can be considered its significance on the basis of statistical analysis.
The complexed statistical analysis was carried out. The analysis was carried out in three stages -descriptive statistics (for information on means, standard deviations, variances, etc.), -test (in this case Shapiro-Wilk), to confirm whether the data sets can be described by a spe-cific statistical distribution, -Student test to determine if the differences of the data sets are significant. 
The data of the descriptive statistics are as follow. This test (Shapiro-Wilk) was used to assess whether average values of liquid consumption (from 34 ESC test repetitions for each liquid) are characterized by normal distribution. The presented data show that the hypothesis about the normality of distribution cannot be rejected.
Tab. 4. The data of the descriptive statistics
After making sure that the respective distributions are normal distributions, it was possible to assess whether the differences between the consumption of individual liquids are significant. This was assessed using the t-Student test with the assumption of different variance values. Differ-ences were tested in relation to engine fueled with mineral diesel fuel (DF As is to seeing the differences in the consumption of individual liquids are important, so you can also expect that also under the Natural conditions of engine operation, the corresponding differences will also occur.
It remains to be clarified whether the differences in fluid consumption occurring in individual phases of ESC test are significant. Appropriate threestep calculations were performed (similar to those for the averages), and their final results (Student t-values) are summarized in Table 6 . As it can be see the differences do not occur only in a few cases. In comparison GTL to DF in phases 9 and 13 (operating conditions in these phases are included in table 2). in the case of a Gt / DF comparison, the difference is not significant in the case of phase 13, whereas in a negligible dif-ference when supplying the GTL20H2O with reference to the DF20 power supply it occurs only in the case of phase 9. In phase 9, the engine operated at a rotational speed of n = 1600 min-1 and the torque was M = 34 Nm. in Phase 13, n = 1750min-1, M = 70 Nm. These are not extreme conditions. The reasons for this should be clarified in subsequent studies.
Conclusions
An analysis of the test results has confirmed that the economic performance of contemporary compression-ignition (CI) engines may be improved by fueling such engines with synthetic diesel oil or with water emulsions of diesel oils. The maximum performance characteristics of the engine fueled with the synthetic diesel oil. Emulsions of diesel oils differed from each other. The highest torque values were achieved when the engine was fueled with the synthetic diesel oil; on the other hand, the engine developed the lowest torque when it was fed with a water emulsion of this oil.
The fueling of the engine with the synthetic diesel oil was found to lead to a reduction in the volumetric fuel consumption determined in the ESC test conditions by about 5 % in comparison with the mineral diesel fuel consumption. The fueling of the engine with a water emulsion of the synthetic diesel oil led to further reduction in the volumetric fuel consumption by almost 14% v/v in total. Such results should be considered significant.
When a water emulsion of the mineral diesel oil was used to fuel the engine, the volumetric consumption of this oil was reduced by about 7%, which should again be considered a promising result.
All this results, after statistically assessment of measuring data, are to understood as significant one should therefore expect similar results obtained with other engines, not only like the one on which the tests were carried out.
The tests have shown a possibility of fueling a CI engine with water emulsions of diesel oils achieved short time within a short time before putting the fuel directly into the engine with help of cavitation phenomena. Due to relatively fast breaking of the emulsions under tests (obtained from a physical process with making use of the cavitation effect), the fuels thus prepared should be chiefly used for stationary engines or engines of vehicles of more than 3.5 Mg total mass. During the next works, the issue of the impact of emulsions used as a fuel on the engines durability and reliability should be explored and clarified especially in natural exploitation. 
